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Abstract 
Oil palm plantations need fertilizers for optimum growth and production. However, excessive use of 
fertilizers can lead to pollution of groundwater. For this reason, a study was carried out to investigate 
groundwater quality of an oil palm ecosystem, which involved the measurement of 9-point monitor 
wells and run-off. This research was conducted in Kabun-Aliantan (N: 0002.925’ E: 100049.977’). 
Tandun, Riau-Indonesia. The location points of the monitored wells in this study comprised a young oil 
palm area (P1), an adult oil palm area near Lau river (P2), a housing complex at oil palm plantation 
(P3), an adult oil palm area at Marihat, Block A (P4), a housing 1 at the sub-district town (P5), a 
housing 2 at the sub-district town (P6), a cocoa area (P7), a village housing (P8), at the side of Lau 
river (PR), and a run-off in a micro catchment (N: 00027.936’ E: 100049, 977’). The parameters 
analyzed in the water samples were pH, nitrate-N (NO3-N), nitrite-N (NO2-N), ammonium-N (NH4-N), 
phosphate (P), potassium (K), calcium (Ca) and magnesium (Mg).  
In general, pH, NO3-N, NO2-N, NH4-N, P, K, Ca and Mg increased after fertilizer application and 
decreased with time. All levels of parameters were lower than the WHO standard for drinking water. 
This study showed that the fertilizers on the oil palm plantation did not pollute the groundwater quality. 
However, groundwater pollution was found to be caused by residential wastes, such as the use of 
detergents and other human activities. 
Keywords 
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1. Introduction 
To obtain the optimal production of oil palm, optimum fertilizer is required to replenish nutrients in the 
soil. Large quantities of nitrogen and potassium are crucial to support oil palm production although 
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ground water pollution caused by agricultural activities is a serious problem in many regions of the 
world. A study by Michinori (2002) showed that high rates of N fertilizer used in continuous 
production of corn have resulted in excessive nitrate-N leaching in groundwater which frequently 
exceeded the maximum contamination level of 10 mg L-1. 
The adverse health effects of high nitrate levels in drinking water are well documented (Michinori, 
2002). The most common health problems are methemo-globinemia, gastric cancer, and non-Hodgkin’s 
lymphoma. While the usual level of ammonium (NH4) ion does not pose a direct risk to human health, 
a high NH4 concentration may suggest the presence of more agricultural contaminants such as 
pesticides. Furthermore, in aerobic condition, NH4 may be transformed into nitrate (NO3-) via 
nitrification. Since groundwater is an indispensable water resource for human consumption especially 
in developing countries, and the fact that contaminants in the groundwater will eventually be 
discharged into rivers or streams which is also a source of drinking water, most authors refer to the 
drinking water standard guidelines as a baseline to assess the contamination level. WHO has set the 
maximum admissible limits in drinking water for NO3-N as 10 and NH4+-N as 0.5 mg L-1. Although 
there is little evidence that K in drinking water is detrimental to human health, an increase in K 
concentration in groundwater may lead to a breach of the drinking water limit of K of 12 mg L-1. In 
addition, leaching losses of nutrient may move the nutrients further downward and eventually cause 
groundwater pollution (Petronella et al., 2009).  
Although various studies on groundwater contamination due to fertilization in different crops have been 
carried out, there is still very little information available on the effects of fertilization on groundwater 
quality in oil palm plantation. 
 
2. Materials and Methods 
This experiment was carried out from 2010 to 2011 at Kabun-Aliantan (N: 00027.925’ E: 100049.219’) 
in Tandun, Riau, Indonesia, at an existing oil palm plantation established on Typic Hapludult or Typic 
Paleudult, a type of soil with a clayey texture located on a flat landscape area between 30 and 70 meters 
above the sea level (PPKS, 1999). Groundwater sampling was done before fertilizer application on 5 
October 2010, and at day 3, 7, 14, 30, 60, and 90 after the application of fertilizer. The areas of research 
are presented in Table 1. 
Pipe well observation was conducted at all experimental locations by placing pipe wells made of PVC 
in 9 observed locations. Each location was equipped with three pipe wells, which inter-point position 
has an equilateral triangle design with each side measuring 9 m in length and 7.62 cm in diameter 
(Figure 1) (Harahap, 2009). 
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Figure 1. Pipe Well 
 
 
Figure 2. The Point Spread Monitoring Wells at Oil Palm Plantations and the Surrounding Area 
in the Watershed Aliantan-Kabun, Riau 
 
Table 1. Distribution of the Well Points in the Kabun-Aliantan Watershed 
No Locations Geographical positions Above sea level (m) Codes
1 Young oil palm area (planted in 2004) N: 00027.948’ E: 100050.262’ 41 P1 
2 Adult oil palm area near Lau river (planted in 1992) N: 00027.925’ E: 100050.202’ 38 P2 
 
 
bl f
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3 Housing complex at oil palm plantation N: 00027.925’ E: 100049.219’ 44 P3 
4 Adult oil palm area atMarihat, BlockA (planted in 1989) N: 00027.936’ E: 100049.977’ 48 P4 
5 Housing 1 at the sub-district town N: 00027.700’ E: 100047.060’ 53 P5 
6 Housing 2 at the sub-district town N: 00027.927’ E: 100047.208’ 56 P6 
7 Cocoaarea N: 00027.566’ E: 100046.961’ 59 P7 
8 Village housing N: 00029.121’ E: 100045.797’ 63 P8 
9 At the side of Lau river N: 00027.925’ E: 100050.202’ 38 PR 
10 Run-Off N: 00027.936’ E: 100049.977’ 48 Run-Off
 
The oil palms were fertilized two times with the same dose of NPK fertilizer, with nutrient 
compositions of 15:9:20:2 at 3.75 kg palm-1 in each application. The nutrient contents of the fertilizer 
were 15% N (Nitrogen), 9% P2O5, 20% K2O and 2% MgO, with the addition of 3.8% S, 0.02% Mn 
and 0.02% Zn. Dolomite (20% MgO, 30% Ca) with particle size distribution of less than 1 mesh was 
given at 2.50 kg palm-1 in each application. The water micro catchment areas were made using an area 
of 50 x 50 meters (2500 meters square) to collect the run-off samples. Run-off observations were 
conducted in the oil palm growing area labelled as P4. The run-off and groundwater samplings were 
taken before fertilization application, and 3, 7, 14, 30, 60 and 90 days after the application. Then, the 
water samples were analyzed to determine the levels of chemical properties. Water sampling in this 
study was done using a small tube with a diameter of 5 mm, a 50 ml syringe, and a small hose mounted 
on the tip of the syringe that carried out the sample suction of water in each monitored well.  
The analyzed parameters in the water samples were pH, Nitrate (NO3-N), Nitrite (NO2-N), 
Ammonium (NH4-N), Phosphate (P), Potassium (K), Calcium (Ca) and Magnesium (Mg). A pH meter 
was used for measuring the pH levels of the water samples. Meanwhile, the content of nitrate (NO3-N) 
ions was identified using the brushing method with sulphate (APHA, 1992), whereas nitrite (NO2-N) 
was identified utilizing the diazotise method. On the other hand, absorption was measured using a 
spectrophotometer (APHA, 1992). Ammonium (NH4-N) analysis was carried out by employing the 
principle of ammonium in an alkaline solution, which will react with Nessler (K2HgIa). Potassium (K), 
Calcium (Ca) and Magnesium (Mg) were examined using atomic absorption spectrophotometer 
according to APHA standard method (APHA, 1992). 
Completely randomized design (CRD) was used with 3 replicates and all data were analysed using the 
analysis of variance (ANOVA) and the LSD test. 
 
 
 
 
 
 
http://www.scholink.org/ojs/index.php/se               Sustainability in Environment                      Vol. 2, No. 1, 2017 
71 
Published by SCHOLINK INC. 
3. Results and Discussion 
3.1 pH Analysis 
The results for the pH of the water sample in this study are presented in Table 2 below: 
 
 
Table 2. Analysis of the Water Sample pH 
Parameter Sample Day 0 Day 3 Day 7 Day 14 Day 30 Day 60 Day 90 
 pH 
P1 5.02    C 5.03    D 5.05    D 5.07   C 5.01   D 5.10   D 4.73   E 
P2 5.18    C 5.20   CD 5.21    D 5.24   C 5.13   D 5.20  CD 4.81   E 
P3 5.08    C 5.23   CD 5.32    D 5.84   B 6.31   B 5.80   B 5.78  BC
P4 6.03    B 6.28   AB 6.34   AB 6.44   A 6.73   A 6.10   B 6.21  AB
P5 5.93    B 6.01    B 5.43   CD 6.78   A 5.92   C 6.30  AB 6.01   B 
P6 6.28    A 6.34   AB 6.43    A 6.47   A 6.51   A  6.80  A  6.27  AB
P7 6.43    A 6.78    A 5.28    D 6.48   A 6.20   B 6.40 AB 6.78   A
P8 5.09    C 5.24    D 5.81    B 5.87   B 5.11   D 5.20  C 5.16  D 
PR 5.07    C 5.16    D 5.62    C 5.74   B 5.21   D  4.90   D 4.76   E 
Run-Off 5.29    C 5.53    C 6.50    A 6.54   A 5.72   C 6.50  AB 5.35   C 
*Note. The values followed by the same letters in the same column are not significantly different at P ≥ 
5% (LSD), P1: young oil palm area, P2: adult oil palm area near Lau river (planted in 1992), P3: 
housing complex at oil palm plantation, P4: adult oil palm area at Marihat, Block A (planted in 1989), 
P5: housing 1 at the sub-district town, P6: housing 2 at the sub-district town, P7: cocoa area, P8: village 
housing, PR: at the side of Lau River. 
 
Table 2 shows that the pH levels vary widely in all pipe wells at the time of sampling. The variation of 
pH ranged from 4.73 to 6.80. The highest pH value in the water samples was obtained at P6 treatment 
of the water sampling on Day 60 after the application of fertilizer, which was equal to 6.80. On the 
other hand, the lowest pH value was identified at P1 treatment after 90 days after the application of 
fertilizer, which was 4.73. 
The highest pH measurement collected during the study was 6.80 which met the pH requirement level 
of drinking water. WHO (1993) set pH 8.5 as the quality requirement for drinking water. High pH in 
the water samples was caused by fertilizer dolomite [CaMg (CO3)2] in this study. Buckman and Brady 
(1982) stated that the provision of dolomite could increase soil pH. High and low pH levels indicate the 
presence of hydrogen ion in water. Notably, identifying the pH levels is very important because they 
indicate occurrences of the chemical and biochemical reactions at certain pH levels; for instance, 
nitrification process will stop if the pH value is low. In the human body, water pH greater than 9.2 will 
cause some chemical compounds to become toxic (Effendi, 2003). Data collected in the study showed 
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that none of the pH levels indicated above exceeded the level in the threshold requirements of drinking 
water quality. All the tested pipe wells are suitable for drinking purpose. 
Based on the LSD test after 90 days of fertilization, the result at P4 was not significantly different while 
the results at P3, P5, P6, and P7 were significantly different from P1, P2, P8, PR, and the runoff. 
According to Alamendah (2010), human activities are one of the causes of water pollution which was 
created due to residential or household wastes (garbage). Residential waste water contains household 
wastes in the forms of organic and inorganic wastes such as detergents. The pH at oil palm plantation 
(P4) increases a little from 6.03 before the application of fertilizer. It increases to 6.21, 90 days after the 
application of fertilizer. The result shows that pH increase is particularly due to the presence of cations 
such as Calcium, Magnesium, and Sodium (Ogunwale & Azzez, 2000). 
3.2 Nitrate-N (NO3) Analysis 
Nitrate-N (NO3-N) of the water sample analysis in this study is presented in Table 3 below: 
 
Table 3. Analysis of Nitrate-N (NO3-N) in the Water Samples 
Parameter Sample Day 0 Day 3 Day 7 Day 14 Day 30 Day 60 Day 90 
Nitrate-N 
(NO3-N) 
mg L-1 
P1 0.17    A 0.23 AB 0.00  E 0.17   C 0.00   D 0.00   D 0.00    B
P2 0.16    A 0.20   B 0.06  DE 0.00   D 0.00   D 0.01   D 0.00    B
P3 0.00    C 0.11   D 0.85   A 0.06   D 0.00   D 0.00   D 0.00    B
P4 0.00    C 0.06   E 0.06  DE 0.06   D 0.00   D 0.00   D 0.00    B
P5 0.06    B 0.11   D 0.17   C 0.24   B 0.97   A 0.51   A 0.00    B
P6 0.00    C 0.01   F 0.17   C 0.00   D 0.00   D 0.00   D 0.00    B
P7 0.00    C 0.07  DE 0.05  DE 0.00   D 0.12   C 0.00   D 0.00    B
P8 0.20    A 0.26   A 0.34   B 0.34   A 0.68   B 0.29   B 0.28   A 
PR 0.0    BC 0.17   C 0.11   D 0.1   CD 0.00   D 0.11   C 0.00   B 
Run-Off 0.00    C 0.28   A 0.34   B 0.40   A 0.00   D 0.00   D 0.00   B 
*Note. The values followed by the same letters in the same column are not significantly different at P ≥ 
5% (LSD), P1: young oil palm area, P2: adult oil palm area near Lau river (planted in 1992), P3: 
housing complex at oil palm plantation, P4: adult oil palm area at Marihat, Block A (planted in 1989), 
P5: housing 1 at the sub-district town, P6: housing 2 at the sub-district town, P7: cocoa area, P8: village 
housing, PR: at the side of Lau River. 
 
Table 3 shows that the highest concentration of Nitrate-N (NO3-N) in the water samples (0.97 mg L-1) 
was obtained at P5 on day 30. However, the lowest value of Nitrate-N (NO3-N) concentration in some 
of the sampling points was not detected. As mentioned earlier, WHO (1993) has set 10 mg L-1 as the 
maximum limit of Nitrate-N (NO3-N) in groundwater acceptable for drinking. Hence, it can be 
concluded that the Nitrate-N (NO3-N) concentration in the water samples area is still acceptable. This 
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is because excessive amount of Nitrate-N (NO3-N) content in soil-water can cause bloody diarrhea and 
mental disorders (Widodo, 2008). 
Based on the LSD test on day 90 after the application of fertilizer, it was shown that P4 was only 
significantly different with P8 but was not significantly different with other locations. Thus, it can be 
concluded that fertilizers do not have any effects in increasing Nitrate-N (NO3-N) in groundwater 
quality. 
When nitrogen fertilization is applied, it is transformed to Ammonium (NH4+) by soil enzymes. As 
ammonium (NH4+) tends to be strongly absorbed by soil particles, its movement through the soil is 
inhibited. Ammonium is an energy-rich substance, and certain soil bacteria can utilize this energy by 
decomposing the ammonium to Nitrate-N (NO3-N). Unlike ammonium, Nitrate-N (NO3-N) is not 
absorbed by soil particles and therefore, moves readily with water in the soil. Nitrate-N (NO3-N) that is 
not taken up by plant roots or soil micro-organisms can be transported to ground and surface water by a 
variety of mechanisms (Divya, 2012). 
Nitrate-N (NO3-N) concentration was not detected at P3, P4 (oil palm plantation) and runoff; however, 
it increased to the highest concentration after day 7 of the application of fertilizer at (P3) and day 14 
after the application of fertilizer at P4 and runoff. After 60 days, the concentrations of Nitrate-N 
(NO3-N) in groundwater and runoff were not detected. Nitrate-N (NO3-N) is soluble and mobile as 
Nitrate-N (NO3-N) leaching is a naturally occurring process. It is not harmful when it is within the root 
zone, but once it gets into the groundwater, it pollutes the environment (Jeyaruba, 2009). 
3.3 Nitrite (NO2-N) Analysis 
The Nitrite-N (NO2-N) analysis of water samples obtained in this study is presented in Table 4 below: 
 
Table 4. Analysis of Nitrite-N (NO2-N) in the Water Samples 
Parameter Sample Day 0 Day 3 Day 7 Day 14 Day 30 Day 60 Day 90 
Nitrite-N 
(NO2--N) 
mg L-1 
P1 0.00   B 0.00 A 0.00  A 0.00 A 0.00 B 0.00 A 0.00 C 
P2 0.00  B 0.00 A 0.00  A 0.00 A 0.00 B 0.00 A 0.00 C 
P3 0.00   B 0.00 A 0.00  A 0.00 A 0.00 B 0.00 A 0.00  C 
P4 0.00   B 0.00 A 0.00  A 0.00 A 0.00 B 0.00 A 0.00 C 
P5 0.00   B 0.00 A 0.00  A 0.00 A 0.00 B 0.00 A 0.00  C 
P6 0.00   B 0.00 A 0.00  A 0.00 A 0.00 B 0.00 A 0.00  C 
P7 0.00   B 0.00 A 0.00  A 0.00 A 0.00 B 0.00 A 0.00 C 
P8 0.00   B 0.00 A 0.00  A 0.00 A 0.00 B 0.00 A 0.53 A 
PR 0.00   B 0.00 A 0.00  A 0.00 A 0.00 B 0.00   A 0.00   C 
Run-Off 0.01    A 0.00   A 0.00    A 0.00   A 0.03 A 0.00   A 0.24   B 
*Note. The values followed by the same letters in the same column are not significantly different at P ≥ 
5% (LSD), P1: young oil palm area, P2: adult oil palm area near Lau river (planted in 1992), P3: 
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housing complex at oil palm plantation, P4: adult oil palm area at Marihat, Block A (planted in 1989), 
P5: housing 1 at the sub-district town, P6: housing 2 at the sub-district town, P7: cocoa area, P8: village 
housing, PR: at the side of Lau River. 
 
Table 4 shows that the highest Nitrite-N (NO2-N) concentration in the water samples of this study (0.53 
mg L-1) was obtained at P8 on day 90. The lowest value of Nitrite-N (NO2-N) concentrations in some 
of the sampling points were not detected. WHO (1993) has set 1 mg L-1 as the maximum limit for 
Nitrite-N (NO2-N) in groundwater that is accepted for drinking. Therefore, it can be concluded that the 
concentrations of Nitrite-N (NO2-N) in the water samples in the study area are still acceptable. 
According to Utama (2008), Nitrite-N (NO2-N) can easily mix with water. Furthermore, Winata (2000) 
stated that the presence of Nitrite-N (NO2-N) in a certain amount can be harmful to health because it 
can react with haemoglobin in the blood, which then prevents the blood from transporting oxygen to 
body cells.  
Based on the LSD test carried on Day 90 after fertilization, it was revealed that P4 was not significantly 
different from P1, P2, P3, P5, P6, P7, and PR; however, P4 was significantly different from P8 and the 
runoff. Thus, we can conclude that fertilization has no effect in increasing Nitrite-N (NO2-N) in 
groundwater quality. Nitrite-N (NO2-N) is an intermediate product in the conversion of Ammonium to 
Nitrite-N (NO2-N) (Nitrification). It is usually present in low quantity, and is toxic to plants.  
3.4 Ammonium (NH4-N) Analysis 
Ammonium-N (NH4-N) analysis of the water samples in this study is presented in Table 5 below: 
 
Table 5. Analysis of Ammonium-N (NH4-N) in the Water Samples 
Parameter Sample Day 0 Day 3 Day 7 Day 14 Day 30 Day 60 Day 90 
Ammonium 
(NH4-N) 
mg L-1 
P1 0.17    D 2.52   C 0.01   D 0.01   C 0.00   D 0.00   D 1.57   C 
P2 0.01    D 0.26   E 0.02   D 0.01   C 1.00   C 0.01   D 2.48   B 
P3 0.09    D 0.43   E 0.01   D 0.01   C 0.09  D 0.09   D 0.01   E 
P4 0.17    D 0.17   E 0.09   D 0.08   C 0.22  CD 0.24   D 0.13   E 
P5 1.48    A 6.52   A 25.22  B 15.65  B 9.57   A 14.78  A 7.83   A
P6 0.78   B 0.57  DE 0.17   D 0.25   C 0.61  CD 0.35  CD 0.17   E 
P7 0.68   BC 1.22   D 0.10   D 0.26   C 0.45  CD 0.11   D 0.43  DE
P8 0.09    D 4.35   B 0.78   C 14.70  B 9.74   A 12.17  B 0.77   D
PR 0.09    D 0.61  DE 0.01   D 0.01   C 0.08   D 14.76  A 0.17   E 
Run-Off 0.52    C 0.26   E 30.44  A 28.70  A 6.96   B 0.77   C 0.09   E 
*Note. The values followed by the same letters in the same column are not significantly different at P ≥ 
5% (LSD), P1: young oil palm area, P2: adult oil palm area near Lau river (planted in 1992), P3: 
housing complex at oil palm plantation, P4: adult oil palm area at Marihat, Block A (planted in 1989), 
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P5: housing 1 at the sub-district town, P6: housing 2 at the sub-district town, P7: cocoa area, P8: village 
housing, PR: at the side of Lau River. 
 
Table 5 shows that the highest ammonium-N (NH4-N) concentration (30.44 mg L-1) was obtained 
from the runoff water samples 7 days after fertilization. However, the value of ammonium-N (NH4-N) 
concentration was not detected on day 30 and day 60 after the application of fertilizer at P1. The data 
obtained showed that the highest concentration of ammonia-N (NH4-N) was 30.44 mg L-1, indicating 
that it had surpassed the maximum level of 0.5 mg L-1 set by WHO (1993). Thus, the ammonia-N 
(NH4-N) level in the research area was not eligible. However, subsequent data showed that the high 
ammonia-N (NH4-N) level gradually decreased and eventually re-stabilized. Hoek (1994) stated that 
high level of ammonia-N (NH4-N) in water was due to contamination of the drinking water sources by 
organic materials. In water, Ammonia-N (NH4-N) is broken down by bacteria into nitrite-N by 
nitrisomonas. In drinking water supplies, ammonia-N (NH4-N) is known to cause irritation and 
corrosion, increase the growth of microorganisms, and disrupt the process of disinfection with chlorine.  
Based on the LSD test, the results were not significantly different at P3, P4, P6, P7, PR and runoff; 
however, the results were significantly different at P1, P2, P5 and P8 (the housing village). The value of 
ammonium-N (NH4-N) concentration at the housing village (P8) was the highest at 30.44. This value is 
higher than the standard set by WHO. Alamendah (2010) stated that organic and inorganic wastes such 
as residential wastes and detergents have the highest potential of being pollutants of water. According 
to Sastrawijaya (2000), the presence of ammonia is an indicator of entry for waste settlements. Alaerts 
and Santika (1987) also stated that ammonia in surface water originated from urine, faeces, and 
microbiological oxidation of organic matters from residential wastes. This opinion is supported by 
Kumar (1987) who mentioned that domestic waste water contains ammonia from the decay of crop and 
animal protein, as well as dirt. Kristianto (2002) also stated that dead plants and animals, described as 
protein, are broken down by spoilage organisms into ammonia and ammonium-N (NH4-N) 
compounds. 
3.5 Phosphate (P) Aanalysis 
The phosphate (P) analysis of the water samples in this study is presented in Table 6 below: 
 
Table 6. Analysis of Phosphate (P) in the Water Samples 
Parameter Sample Day 0 Day 3 Day 7 Day 14 Day 30 Day 60 Day 90 
Phosphate 
mg L-1 
P1 0.00   B 0.02    E 0.00    D 0.00    D 0.02   B 0.00   E 0.27   A
P2 0.00   B 0.02    E 0.00    D 0.00    D 0.00   C 0.02   D 0.23   B
P3 0.00   B 0.02    E 0.02    D 0.00    D 0.02   B 0.02   D 0.08   E 
P4 0.02  B 0.05    D 0.02    D 0.01    D 0.02    B 0.06   C 0.05  EF
P5 0.15   A 0.17    A 0.09    B 0.01    D 0.04   A 0.08  B 0.12   D
P6 0.00   B 0.00    E 0.00    D 0.02   CD 0.00    C 0.00  E 0.13   D
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P7 0.00   B 0.04    D 0.02    D 0.21    B 0.00   C 0.02  D 0.19   C
P8 0.00   B 0.08    C 0.06    C 0.02   CD 0.02    B 0.02   D 0.13   D
PR 0.00   B 0.13    B 0.37    A 0.04    C 0.00   C 0.12   A 0.02    
Run-Off 0.00  B 0.04    D 0.35    A 0.38    A 0.02    B 0.06   C 0.04  EF
*Note. The values followed by the same letters in the same column are not significantly different at P ≥ 
5% (LSD), P1: young oil palm area, P2: adult oil palm area near Lau river (planted in 1992), P3: 
housing complex at oil palm plantation, P4: adult oil palm area at Marihat, Block A (planted in 1989), 
P5: housing 1 at the sub-district town, P6: housing 2 at the sub-district town, P7: cocoa area, P8: village 
housing, PR: at the side of Lau River. 
 
The highest phosphate (P) concentration in the water samples was obtained from the runoff 14 days 
after fertilization, which was 0.38 mg L-1. However, the lowest phosphate concentration of some of the 
samples was not detected. WHO (1993) has set that the threshold value of phosphate (P) for drinking 
water is 0.1 mg L-1. The increase in the concentration of phosphate (P) in the runoff on day 14 was due 
to the fertilizer treatment in the area surrounding the block; however, the concentration of phosphate (P) 
re-stabilized after 90 days of water sampling, as shown in Table 6. 
Based on the LSD test on day 90 after fertilization, it was shown that P4 was not significantly different 
with P3, PR, and runoff, but it was significantly different with other locations. This study also shows 
that the pipe wells in the housing and district city P2, P5, P6, and P8, the concentrations of phosphate 
(P) were found to be higher than the level set by WHO for drinking water (>0.1 mg L-1). According to 
Hammer and Viessman (2005), the main forms of phosphorus in liquid domestic wastes are organic 
phosphorus, ortho-phosphate (H2PO4-, HPO42-, PO43-), and polyposphates. The two types of 
Polyphosphate (P) are sodium hexametaphosphate (Na3(PO3)6) and sodium pyrophosphate 
(Na4P2O7). Most phosphorus that enters the surface water comes from human wastes and runoff. 
Winata (2000) stated that polyphosphate can enter the wastewater stream through the population and 
industries that use materials containing phosphate detergents such as washing industry, metal industry, 
etc. 
3.6 Potassium (K) Analysis  
Potassium (K) analysis of water samples in this study is presented in Table 7 below:  
 
Table 7. Analysis of Potassium (K) in the Water Samples 
Parameter Sample Day 0 Day 3 Day 7 Day 14 Day 30 Day 60 Day 90 
Potassium 
mg L-1 
P1 0.02     D 0.48     B 0.77     CD 0.61    D 0.49     F 0.06    E 0.61    F 
P2 0.04     D 0.18     C 0.68     D 0.56    D 0.47     F 0.05    E 0.61    F 
P3 0.05     D 0.15   CD 1.21     CD 1.53    C 1.59     E 0.22   DE 1.57    E 
P4 0.47     B 0.46    B 2.35     B 2.43    B 2.75     D 2.89    C 3.03    C
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P5 0.53     B 1.07    A 4.91     A 4.60    A 6.21     B 6.23   B 6.14    B
P6 0.05     D 0.09    D 1.40     C 1.21  CD 1.17     E 1.15   D 1.40    E 
P7 0.00     D 0.04   DE 2.86     B 0.80  CD 0.66     F 0.64   DE 1.03   EF
P8 1.02     A 1.19    A 4.82     A 5.33    A 7.39     A 8.47    A 10.64   A
PR 0.00     D 0.00    E 0.80     CD 0.49    D 0.46     F 0.49   DE 0.55   F 
Run-Off 0.20     C 0.06   DE 5.08    A 5.22    A 4.08     C 8.75    A 2.36    D
Note. The values followed by the same letters in the same column are not significantly different at P ≥ 
5% (LSD), P1: young oil palm area, P2: adult oil palm area near Lau river (planted in 1992), P3: 
housing complex at oil palm plantation, P4: adult oil palm area at Marihat, Block A (planted in 1989), 
P5: housing 1 at the sub-district town, P6: housing 2 at the sub-district town, P7: cocoa area, P8: village 
housing, PR: at the side of Lau River. 
 
The highest concentration of potassium (K) in the water samples (10.64 mg L-1) was obtained at P8 
water sampling, 90 days after fertilization, while the concentration of potassium (K) was not detected 
in the water samples at PR treatment 3 days after fertilization. The concentrations of potassium (K) in 
the plantation area still met the drinking water standards according to the provision of WHO (1993) as 
the standard potassium (K) in drinking water is 12 mg L-1. Petronella et al. (2009) argued that although 
there is little evidence that K in drinking water is harmful to human health, increasing concentrations of 
K in the soil can result in a violation of drinking water, in which the limit is K 12 mg L-1. 
Based on the LSD test on Day 90 after fertilization, it was found that P4 was significantly different for 
all the treatments. Following the research results, it can be seen that the increasing concentrations of 
potassium (K) fertilizer did not influence the treatment at P4.  
A higher K concentration in the sample was also found. This could be due to the displacement of K 
from the soil colloidal surfaces to soil solution by NH4 from the nitrogen fertilizer. Moreover, 
vegetative uptake of NH4 will increase the production of H in the soil (Galloway, 1995) which then 
displaced K (Van et al., 2002). 
3.7 Calcium (Ca) Analysis 
Calcium (Ca) analysis of the water samples in this study is presented in Table 8 below: 
 
Table 8. Analysis of Calcium (Ca) in the Water Samples 
Paramete Sample Day 0 Day 3 Day 7 Day 14 Day 30 Day 60 Day 90 
Calcium 
mg L-1 
P1 3.72  3.72   1.44  1.57     1.76   1.49     7.82  DE
P2 3.21  4.12   1.42  1.49     1.49   1.42     1.54   F 
P3 0.48  3.05   1.55  1.35     2.54   1.28     1.57   F 
P4 8.96  26.92  23.17 24.48     62.51  62.39    30.70  B
P5 6.57  21.18  15.44 10.93     16.75  17.61    14.81  C
P6 11.78 16.41  30.87 29.66    74.29  78.21    36.98  A
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P7 12.24 32.83  23.45 28.44    78.34  81.16    36.21  A
P8 2.18 3.83   5.18  4.89      5.64   6.62     3.57   
PR 1.09  0.71   1.13  0.96      1.07   0.75    0.78    
Run-Of 3.06  9.53   23.80 24.31    21.00  41.19    11.60 CD 
*Note. The values followed by the same letters in the same column are not significantly different at P ≥ 
5% (LSD), P1: young oil palm area, P2: adult oil palm area near Lau river (planted in 1992), P3: 
housing complex at oil palm plantation, P4: adult oil palm area at Marihat, Block A (planted in 1989), 
P5: housing 1 at the sub-district town, P6: housing 2 at the sub-district town, P7: cocoa area, P8: village 
housing, PR: at the side of Lau River. 
 
Table 8 shows that the highest concentration of calcium (Ca) in the water samples was obtained at P7 
water sampling 60 days after fertilization, which was 81.16 mg L-1. The lowest calcium (Ca) 
concentration value of the water samples was obtained from P3 water sampling 0 days after 
fertilization, which was 0.48 mg L-1. This means that the fertilizer treatment did not fully affect the 
concentrations of calcium (Ca) in groundwater. The high concentration of Calcium in the water samples 
may be due to the dissolution of limestone caused by dolomite fertilizer application. Alamendah (2010) 
stated that these domestic wastes are in the forms of organic and inorganic wastes such as detergents. In 
accordance with the standard set by WHO (1993), the inter-regional water study-group is between 75 
and 150 mg L-1. 
Based on the LSD test on Day 90 after fertilization, it was revealed that P4 was significantly different 
for all the treatments. This means the fertilizer treatment did not fully affect the concentrations of 
calcium (Ca) at ground water in the surrounding area.  
3.8 Magnesium (Mg) Analysis 
Magnesium (Mg) analysis of the water samples in this study is presented in Table 9 below: 
 
Table 9. Analysis of Magnesium (Mg) in the Water Samples 
Parameter Sample Day 0 Day 3 Day 7 Day 14 Day 30 Day 60 Day 90 
Magnesium 
mg L-1 
P1 0.03    F 0.21  CD 0.37  C 0.33    C 0.32    E 0.31    C 0.35    F 
P2 0.15   E 0.53  AB 0.31  C 0.28    C 0.28    E 0.26    C 0.24    F 
P3 0.05   F 0.13  CD 0.22  C 0.22    C 0.28    E 0.23    C 0.19    F 
P4 0.86   A 0.67   A 1.50   A 1.51    A 3.40    A 3.40    A 3.35    A
P5 0.36  D 0.25   C 1.26   A 1.14    B 1.35    C 1.55    B 1.26    D
P6 0.80  AB 0.66  A 1.51   A 1.50    A 3.28   AB 3.31    A 3.21    A
P7 0.73   B 0.62   A 1.47   A 1.49   A 3.18   AB 3.26    A 2.93    B 
P8 0.51   C 0.45   B 0.81   B 0.91    B 0.98    D 1.05    B 0.65    E 
PS 0.07  EF 0.07  CD 0.41   C 0.29    C 0.34    E 0.31    C 0.27    F 
Run-Off 0.15   E 0.27   C 1.52  A 1.53    A 2.97    B 3.49    A 2.61    C 
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*Note. The values followed by the same letters in the same column are not significantly different at P ≥ 
5% (LSD), P1: young oil palm area, P2: adult oil palm area near Lau river (planted in 1992), P3: 
housing complex at oil palm plantation, P4: adult oil palm area at Marihat, Block A (planted in 1989), 
P5: housing 1 at the sub-district town, P6: housing 2 at the sub-district town, P7: cocoa area, P8: village 
housing, PR: at the side of Lau River. 
 
Table 9 shows that the highest concentration of magnesium (Mg) in the water samples was obtained 
from the runoff water sampling 60 days after fertilization, which was 3.49 mg L-1. The lowest 
magnesium (Mg) concentration value was obtained from P1 water sampling on Day 0 before 
fertilization, which was 0.03 mg L-1. Magnesium (Mg) solubility in water was 12 mg L-1, thus, it can 
be concluded that the content of magnesium (Mg) in the water samples at the plantation experimental 
area did not cross the threshold of drinking water standard. 
According to Bahtiar (2007), there are no known cases of magnesium (Mg) poisoning. Large oral doses 
of magnesium (Mg) may cause vomitting and diarrhea. Furthermore, high doses of magnesium in 
medicine and food supplements may cause muscle slackening, nerve problems, depression, and 
personality changes. In animals such as in cattle, high doses of magnesium (Mg) can cause scouring 
and diarrhea. Nevertheless, magnesium (Mg) levels up to 2000 mg L-1 have been observed to have no 
adverse effects. There is insufficent information available at present to set a guideline value. 
Based on the LSD test on day 90 after fertilization, the results revealed that P4 was not significantly 
different from P6, but it was significantly different from the other treatments. This means that the 
fertilizer treatment did not fully affect the concentrations of magnesium (Mg) in groundwater. 
 
4. Conclusion 
The pH of water samples and concentrations of Nitrate-N (NO3-), Nitrite-N (NO2-), Ammonium-N 
(NH4), Phosphate (P), Potassium (K), Calcium (Ca), and Magnesium (Mg) at oil palm plantation did 
not exceed the contamination levels for safe drinking water as set by WHO. In general, pH, Nitrate-N 
(NO3-), Nitrite-N (NO2-), Ammonium-N (NH4), Phosphate (P), Potassium (K), Calcium (Ca), and 
Magnesium (Mg) concentrations increased after fertilizer application but eventually decreased with 
time. 
This study has shown that fertilizer treatments in the oil palm plantation did not reduce the quality of 
groundwater. However, it was found that Ammonium-N (NH4) value was high in the housing complex, 
exceeding the safe drinking water standard set by WHO. 
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